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[57] ABSTRACT

The invention relates to an imager for simultaneously
obtaining two images of differing color bands of the
same object field using a single two dimensional photo-
detector array. A Fresnel-biprism with two different
color filters on the respective left and right aperture
halves convergently displaces the two images. An ob-
Jective lens focuses the filtered convergent images upon
a photodector array, the left and right halves of which
are covered by a second filter pair. The second pair of
filters pass the same color bands as the first pair of filters
but the order of the color bands bands is reversed from
left to night. As a resuit of the filtering and conver-
gence, the photodetector array, aligned with its col-
umns parallel to the filter boundaries, responds with its
left half to one color image and with its right halif to the
other color image. The arrangement provides two color
band operation without resorting to a second photode-
tector array, or duplicate read out electronics, and
when used in the IR spectrum avoids the need for addi-
tional cryogenic apparatus.

2 Claims, 3 Drawing Sheets
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IMAGER FOR SIMULTANEOUSLY OBTAINING
TWO IMAGES OF DIFFERING COLOR BANDS
USING A SINGLE PHOTODETECTOR AREA
ARRAY 3

- BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to two color imagers, and more
particularly to an imager for simultaneously obtaining
two 1mages of differing color bands of the same object
field using the same two dimensional photodetector
array.

The invention, which utilizes a photodetector array
operating a staring mode, has application to those por-
tions of the visible and invisible spectrum to which a

photodetector array responds, including the infrared
(IR) spectrum.

2. Prior Art
~ In many optical systems applications there is a need
to perform two-color imaging. Two color imaging is of
substantial importance in applications such as aerial
mapping, where both visible and invisible light can play
an important part in gathering geological data, deter-
mining surface temperatures, vegetation, etc., as well as
In infrared systems where it is desirable to recognize an
object by a “signature” composed of two color bands in
the IR spectrum.

A duplicated system for two color operation in any
portion of the spectrum accessible to photodetector
arrays is not commercially attractive due to the high
cost of an additional staring array, and of additional
read out electronics. For IR operation, where an addi-
tional dewar/cooler assembly may be needed, the use of 15
a multiple array approach is even more costly. The cost
and system complications makes the multiple array
approach for two color operation in any portion of the
spectrum unattractive.

One known approach for obtaining two color opera-
tion from a single area array is that of using color
“checkerboard filters”, placed in close proximity to the
array on the focal plane of an imager. In this approach,
pixel level filters may be employed. This approach suf-
fers from several problems. First, the checkerboard
filters are expensive to fabricate and due to practical
limits on filter design, the spatial transition from one
filter element to the next requires an appreciable frac-
tion of the array pixel dimension, even with large pixels
(a pitch of 3-4 mils). Consequently, the checkerboard
filter reduces the optical fill factor of the array. Mount-
ing the checkerboard filter in close proximity to the
array 1s difficult and adds to the cost of the focal plane
due to both added complexity in focal plane array
(FPA) assembly and added criticality in the alignment
between filter and photodetector array. Pixel level
checkerboard filters must be mounted with an accuracy
of a fraction of a pixel (often less than 1 mil) with re-
spect to the active surface of the array.

There 1s, therefore, a need for a simplified means for 60
simultaneously obtaining two-color images using a sin-
gle area array and requiring neither duplicated readout
electronics nor—in the case of operation in the IR spec-
trum of a duplicated cryogenic environment.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the invention to pro-
vide an improved imager for simultaneously obtaining
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two 1mages of differing color bands of the same object
field.

It 1s another object to provide an improved imager
for obtaining two images of differing color bands of the
same object field using a single two dimensional photo-
detector array sensitive to both color bands.

It 1s still another object to provide an infrared imager
for obtaining two images of differing color bands of the
same object field while using a single photodetector
array, single read out electronics, and a single dewar/-
cooler.

These and other objects are achieved in accordance
with the invention in an imager comprising a biprism
upon which radiation from an object field impinges,
having two aperture halves with inclined surfaces. Each
aperture half of the prism is coated with a filter for a
different color band. In a practical embodiment for IR
applications, a solar band filter is provided on the left
aperture half and a thermal band filter is provided on
the right aperture half of the biprism. An objective lens
s provided to image the object field upon a photodetec-
tor array disposed in the focal plane. In the IR applica-
tion, the foregoing elements are arranged outside of a
cryogenically-cooled dewar.

In the IR application, the cryogenically-cooled, eva-
cuated-dewar encloses the focal plane of the objective
lens, and 1s provided with an IR transparent window for
admitting IR radiation. An apertured cold shield, a
second pair of IR transmission filters mounted on the
photodetector array, and the photodetector array are
provided. The second filter pair and the array lie in the
focal plane of the objective lens.

The first filter of the second pair, which covers the
right half of the photodetector array, selects the solar
band image and the second filter of the second pair,
which covers the left half of the photodetector array,
selects the thermal band image.

With the biprism angle adjusted to translate each
color image by one quarter of the photodetector array
side dimension, the left half of the photodetector array
responds to the thermal band image and the right half of
the photodetector array responds to the solar band
image.

The arrangement simultaneously provides two im-
ages of differing color bands of the same object field on
the right and left halves of the same array. No addi-
tional array, no additional read out electronics, and (for
IR operation) no additional cryogenic apparatus is re-
quired.

BRIEF DESCRIPTION OF THE DRAWINGS

The inventive and distinctive features of the inven-
tion are set forth in the claims of the present invention.
The invention itself, however, taken with further ob-
jects and advantages thereof may best be understood by
reference to the following description and accompany-
ing drawings, in which:

FIG. 11s a broken away isometric view of an infrared
imager for obtaining two images of differing color
bands using a single photodetector array in accordance
with the invention:

FIG. 2 1s a simplified optical schematic of the two
color infrared imager;

FIG. 3 is an isometric view of the imager including
the object field and the two displaced color images
formed upon the imager,

FIGS. 4(a) to 4(f) are successive views of the object
field and of the images formed or potentially formed in
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the imager as a result of successive filtering and conver-

gence, and
FIG. 5 is an illustration of the color band selection

properties of the filters employed in the imager.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

A two color infrared (IR) imager in accordance with
the invention is shown in FIGS. 1 and 2. The novel

arrangement permits separate halves of an IR sensing
photodetector array to be used to examine the same
field of view, each half responding to a different band of

colors selected from the IR spectrum.

Referring particularly to FIG. 1, the imager may be
seen to comprise a first portion (10, 12, 13) external to a
cryogenic dewar 15 and operated at ambient tempera-
ture and a second portion, including the dewar, which
contains an IR sensitive photodetector array 19 and

associated components (17, 18, 20, 21), which are oper-

ated at cryogenic temperatures.

The first portion of the imager consists of a biprism
10, a first pair of color filters 11 and 12 applied to the
sloping surfaces of the biprism and an optical objective
lens 13, all at ambient temperature. The system relative
aperture (1.e., the f number) is established by the lens 13.
The field of view is set by the choice of the focal length

of the lens and the size of the photodetector array in the

tocal plane of the lens. In one practical embodiment, the
tield of view is 4.0°,

The dewar 15 includes an IR transparent window 16
through which IR radiation enters the dewar enclosure.
The dewar 135 contains a cold shield 17 provided with a
cold aperture 18 for admission of focused infrared radia-
tion for sensing by the IR photodetector array 19. A
second pair of IR transmission filters 20 and 21 are
provided, each filter being supported over one half of
the IR array 19.

The optical elements of the IR imager are aligned in
relation to the system axis 14. For positional reference,
the system axis coincides with the Z axis, which is as-
sumed to lie in a horizontal plane. The X axis, orthogo-
nal to the Z axis, also lies in a horizontal plane, and as
will be seen, extends in the same direction as breadth in
the image plane of the objective lens and in the same
direction as the rows in the photodetector array 19. The
Y axis, orthogonal to the other two, is vertical and
extends in the same direction as height in the image
plane and in the same direction as the columns in the
photodetector array. |

The biprism 10 with the attached color filters 11 and
12 are the elements of the optical system nearest to the
object field. The biprism 10 is of an IR transmissive
material such as germanium. It is typically monolithic in
construction. It i1s in principle a prism, the principal
section of which is a triangle with one obtuse and two
equal acute angles. As will be seen, it is used to obtain
two mutually displaced images of a single object. The
biprism 1s also called a “Fresnel-biprism” denoting its
Inventor.

The biprism 10 has a plane surface 21 on one face and
on the other face, two aperture halves with inclined
surfaces. The inclined surfaces, if extended, would meet
the plane surface with an acute angle in conformity
with the customary definition, but the vertices, where
the acute angle would have appeared, are eliminated by
the provision of perpendicular walls bounding the
prism. The obtuse angle, in the case of a 4° field of view,
and assuming an index of refraction of 4 for germanium,
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4
is slightly less than 180°, being (180-0.3552°) or
179.6448°,

As seen in FIG. 1, the prism 10, which in the embodi-
ment 1s of square outline and of sufficient area to cover
the entrance aperture of the objective lens 13, is ori-
ented with the sloping aperture halves toward the ob-
ject field, and the ridge line 21 defining the boundary
between aperture halves, vertical, and lying in the YZ
plane, which passes through the system axis.

The sloping aperture halves of the prism 10 are
coated with two different color selective filters. A filter
11 for selecting IR of a first color band is applied on the
left aperture half of the biprism using the FIG. 2 orien-
tation. Its color selective property is illustrated in FIG.
4. In the present embodiment, the filter 11 is selective of
the solar band, typically on the short wave side of 4.2
microns. The filter 12 for selecting IR of a second color
band i1s applied to the right aperture half of the biprism.
[ts color selective property is also illustrated in FIG. 4.
It is selective of the thermal band, typically on the long
wave side of 4.4 microns.

The biprism may be oriented with the inclined sides
toward the object field as shown, or it may be reversed
with the flat face toward the object field, either orienta-
tion being satisfactory.

The objective lens 13 is of a material suitable for use
with IR radiation, and for system sensitivity should
have a large relative aperture A suitable focal length is
75 miilimeters, assuming a 128 X 128 pixel array with 1.7
mil pitch giving an area of 0.2180.218 inches in the
focal plane, which provides a nominal 4° field of view,
as earlier noted. After passing through the initial pair of
color filters 11, 12, the biprism 11 and the objective lens
13, the IR radiation enters the dewar 15 through an IR
transparent window 16. To maintain IR sensttivity and
exclude unnecessary background radiation from im-
pinging on the photodetector array, an apertured cold
shield 17 1s provided inside the dewar. An image of the
object field is then formed upon the assembiy 23 sup-
ported 1n the focal plane of the objective lens.

The cryogentc dewar 15 1s of conventional design,
being cooled by a cryogenic cooler 22 entering the
dewar from the side remote from the objective lens.
The focal plane assembly 23 is supported in thermal
contact with a “cold finger” of the cooler, which cools
the assembly down to the desired low operating temper-
ature (typically near 60°K) The assembly 23 is of a
hybrid construction including the staring IR photode-
tector array 19 at its center with four integrated circuits,
required to operate the staring array, surrounding it.

The staring array 19, as earlier suggested, is oriented
with the rows running in the X coordinate direction
parallel to the XZ plane corresponding to the horizontal
in both the object field and in the image plane. The
columns on the other hand run vertically and paraliel to
the YZ plane. The staring array is set behind a second
pair of filters 20 and 21, which are applied respectively
over the right and left halves of the focal plane array
(using FIG. 2 orientations). Each filter thus covers
nearly 64 columns excluding loss due to the joint. Each
column contains 128 photodetectors and the boundary
lies in the YZ plane. The Z axis ideally impinges be-
tween the 64/ and 65 pixels in the YZ plane.

The second filter pairs 20, 21 must be compatible with
the first filter pair 11, 12. In one practical embodiment,
the filters 11 and 20 have the same color selective prop-
erty (i.e. solar band), rejecting all other colors in the IR
band, and the filters 12 and 21 have the same color



y
selective property (i.e. thermal band), rejecting all other
colors in the IR band.

The operation of the two color imager in providing
two mutually displaced images of the same object field
of a first and a second color respectively, may best be
understood by reference to FIGS. 2, 3 and 4(a) to 4().
FIG. 2 is a simplified optical schematic of the imager,
with FIG. 3 being an isometric view the object field and
of the images formed by the imager optics. For illustra-
tive purposes in FIGS. 3 and 4(a)-4(f) an object field is
shown, using a separate symbol (triangle and square) to
differentiate the left and right halves. FIGS. 4(a) to 4(/)
illustrates how the two color images formed at the pho-
todetector array are affected by the intervening filter
pairs (11-12; 20-21) and the biprism 10. The system axis
(Z) 1s used for reference purposes in each of these fig-
ures.

The incident rays of IR radiation from a distant ob-
ject arrive in a parallel condition at the two color sensor
input aperture. Assuming the objective lens 13 to be
present, and the two filter pairs (11-12; 20-21) and the
biprism 10 to be absent, a selected portion of the field of
view 15 imaged upon the photodetector array. (This
may be called the “broadband image”.) The broadband
image, which is shown at 4(b) contains all the colors
(e.g. wavelengths) transmitted by the optical elements
13 and 16 and its extent is defined by the circular out-
line. The photodetector array is here shown as a bold-
faced square. A smaller square and an inverted triangle,
respectively, not bold-faced, have been used to desig-
nate the left and right-hand halves of the image at the
focal plane. The image normally extends beyond the
limits of the photodetector array. The projection of the
system (Z) axis and the projection of the square outline
of the photodetector array upon the object field at infin-
ity are shown in FIGS. 3 and 4(a).

Assuming the biprism 10 and filters (11-12; 20-21) to
be absent, the objective lens 13 forms a simple full color
image of the object field upon the photodetector array
19 in the focal plane of the lens. The object field is
shown in FIG. 4(a) and its image field is shown in FIG.
4(b). In FI1G. 4(b), the photodetector array 19 is shown
centered on the system (Z) axis and covering only a
portion of the image field.

When the biprism 10 and filters 11,12 are inserted in
the optics, then each aperture-half of the filter prism

combination simultaneously forms a displaced image of

a different color over the area sensed by the photode-
tector array. This effect is illustrated in FIGS. 4(¢) and
4(d), which are drawn assuming that the separate color
band 1mages have not yet being passed through the
hiters 20,21 applied to the surface of the photodetector
array 19. In FIG. 4(c), the thermal band image is dis-
placed to the left of the system (Z) axis and in FIG. 4(d)
the solar band image is displaced to the right of the
system (Z) axis. The “dots” in FIGS. 4(¢) and 4(d) indi-
cate the positions of the axes of the thermal and solar
band images.

The effect of the array filters 20,21 in completing the
separation of the two mutually displaced color images is
shown in FIGS. 4(e) and 4(f). After passing through the
thermal band array filter 21, the thermal band image,
which is displaced to the left, is formed on the left haif
of the photodetector array. As shown in FIG. 4(e), the
filter 21, which covers the left half of the array, passes
the thermal image while filter 20, which covers the
right half of the array, rejects the thermal image on the
right half of the photodetector array. Likewise, the
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solar image, displaced to the right, is formed on the
right half of the photodetector array as shown in FIG.
4(f). The solar band array filter 20 passes the solar image
to the right half of the array while filter 21 rejects the
solar image on the left half of the array. The positions of
the thermal and solar band image axes are shown by
“dots” in FIGS. 4(e) and 4()).

The final effect of the sequence is shown in FIG. 3
where 1dentical half portions of the full image of respec-
tively the first and second color bands (i.e. the solar and
thermal bands) are formed on the separate right and left
halves of the array with no portion of the margins of the
real image being sensed by the array. Accordingly,
FIG. 3 illustrates the final state of two displaced and
filtered images as sensed at the photodetector array.

The arrangement requires careful alignment with the
center of each half portion of the full image being posi-
tioned such that each displaced color image center falls
at the same row position and at the correct column
position. In the case of a 128 X 128 array, the system axis
Is positioned between the 64! and 65" rows, and the
displaced thermal image optic axis is located between
the 3274 and 339 columns, and the displaced solar image
optic axis is located between the 96/ and 97 columns.
This requires precision in the formation of the obtuse
angle of the biprism, in relation to the focal length of the
objective lens 13, and in the overall optic alignment.

In a two dimensional photodetector array of the
charge injection device (CID) variety it is conventional
to read out each column in parallel. The read out of the
array in such CIDs is usually simplified if the YZ axis
bisecting the array is oriented parallel to the columns,
thus factlitating independent adjustment of the read out
electronics for the halves of the array responding to
different colors.

What is claimed 1s:

1. An IR mmager for simultaneously obtaining images
of differing color bands of the same object field using a
single two dimensional photodetector array, compris-
Ing:

(A) optical means at ambient temperature, compris-

Ing:

(1) a biprism positioned upon the Z axis of said
imager, mutually orthogonal X and Y axes being
orthogonal to said Z axis, said biprism upon
which IR radiation from an object field of view
impinges having on one face a plane surface and
on the opposite face, two aperture halves with
inclined surfaces separated by the YZ plane, the
angles thereof being selected to converge IR
radiation from each aperture half toward the YZ
plane by a predetermined amount,

(2) a first pair of IR transmission filters, one filter
for selecting IR radiation of a first color band
from the radiation passing through a biprism
aperture half on the first side of said YZ plane,
and the other filter for selecting IR radiation of a
second color band from radiation passing
through a biprism aperture half on the second
side of said YZ plane,

(3) an objective lens arranged upon said imager (Z)
axis for forming an image of the object field in
said first and second color bands on a photode-
tector array disposed in the focal plane, and

(B) a cryogenically cooled evacuated dewar enclos-

ing the focal plane of said objective lens, and hav-

ing an IR transparent window arranged upon said
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imager (Z) axis for admitting IR radiation into said

dewar, said dewar containing

(1) a *“cold shield” having a cold aperture arranged
upon said imager (Z) axis between said objective

65

8

selected to converge radiation from each aperture
halt toward the YZ plane by a predetermined
amournt,

(2) a first pair of transmission filters, one filter for

lens and said' tocal plane, o 5 selecting radiation of a first color band from the
(2) a Se'cond_ pair of IR tr ansmission ﬁllter's,, the first radiation passing through a biprism aperture half
filter which intercepts radiation impinging on on the first side of said YZ plane, and the other
:1}1& pOI’tIOdH 05 th? &hog?getfctorf ar m}l’ lying ;}E filter for selecting radiation of a second color band
€ second s1ce Of the Y <4 plane tor selecung from radiation passing through a biprism aperture
of said first color band and the second filter inter- 10 half on the secé)nd sic?e of saigd V7 ;];lane P
cepting radiation impinging on the portion of the (3) an objective lens arranged upon said irinager (Z)
zvhzotogit:cf:;c;r saelizaé);irllylnIgRos ft?:iggsgcséiz fo?; axis for forming an image of the object field in said
ban dl? and 8 first and second color bands on a photodetector
(3) a single two dimensional IR photodetector 15 array disposed 1n the tbf:a{ plane,
array arranged upon said imager (Z) axis in said (4) 2 s-ecor_ld par of Lransmission ﬁliter.s , the first filter,
focal plane, with the YZ plane bisecting said xyhlch intercepts radiation impinging on the por-
array, one pair of sides of which are aligned tion of the photodetector array lying on the second
parallel to the X coordinate dimension side of the YZ plane for selecting radiation of said
the predetermined amount of convergence displacing 20 first color band and the second filter intercepting
said color band images in mutually opposite senses radiation impinging on the portion of the photode-
by one quarter of the X coordinate dimension of tector array lying on the first side of the YZ plane
said photodetector array, for selecting radiation of said second color band;
said array responding to IR radiation impinging and _ _
thereon after convergence and after selection by 25  (3) a single two dimensional photodetector array
said first and second pairs of filters, the first array arranged upon said imager (Z) axis in said focal
half on the first side of the YZ plane responding to plgne? W_lth the Yz_ plane blgectlng said array, one
said object field in said second color and the second palr Of sides _Of Wh}Ch are aligned parallel to the X
array half on the second side of the YZ plane re- coordinate dimension, | |
sponding to said object field in said first color. 30 the Predetermmed‘amaunt" of convergence dilsplacmg
2. An 1mager for simultaneously obtaining images of said color band images tn mutually opposite senses
differing color bands of the same object field using a by one quarter of the X coordinate dimension of
single two dimensional photodetector array, compris- said photodetector array,
Ing: said array responding to radiation impinging thereon
(1) a biprism positioned upon the Z axis of said 35 after convergence and after selection by said first
imager, mutually orthogonal X and Y axes being and second pairs of filters, the first array half on the
orthogonal to said Z axis, said biprism upon which first side of the YZ plane responding to said object
radiation from an object field of view impinges field in said second color and the second array half
having on one face a plane surface and on the oppo- on the second side of the YZ plane responding to
site face, two aperture halves with inclined surfaces 40 said object field in said first color.
separated by the YZ plane, the angles thereof being ¥ *x % *
45
50
55
60
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